Seventeen paediatric patients with immunodeficiency syndromes (10 with selective IgA deficiency, four with panhypogammaglobulinaemia, and three with selective T cell deficiency) were investigated for bacterial overgrowth of the small intestine and gut permeability to macromolecules. Five of 12 patients showed viable bacterial counts of more than 2 x 105/ml in jejunal fluid. Bacterial overgrowth was also confirmed indirectly by breath hydrogen determination, which was higher than 10 ppm in four of the five patients with positive jejunal culture. Gut permeability to lactulose and L-rhamnose was abnormal in 16 of the 17 immunodeficient patients, who also had higher mean urinary excretion ratios than control subjects -mean (SD) values were 0216 (0.160) and 0-029 (0.002), respectively. These studies indicate that bacterial overgrowth of the small intestine is a common feature in immunodeficient patients, regardless of the immunological abnormality. Moreover, these patients have an increased gut permeability to macromolecules.
Immunodeficiency syndromes are a heterogeneous group of disorders which include abnormalities of either cell mediated or humoral immunity. Despite the wide spectrum of pathogenic mechanisms that underlie the disorders, however, their clinical features are quite similar -recurrent infections being the hallmark. In paediatric patients, gastrointestinal symptoms are often present, occurring in 50%.' These symptoms include chronic or recurrent diarrhoea, which often results in malabsorption syndrome and failure to thrive. 23 The severity of symptoms usually correlates with that of the immunological impairment. Combined immunodeficiencies frequently present as intractable diarrhoea, which can be life threatening and often necessitates total parenteral nutrition. 3 The diarrhoea has been associated with histiocytic infiltration of the mucosa4 and with the persistent and protracted shedding of a wide variety of bacteria, including Salmonella, Shigella, Giardia lamblia, and Helicobacter and viruses.56 In most patients the cause of the gastrointestinal involvement remains unknown. Some investigators suggest, however, that colonisation of the small intestine may be associated with nutrient malabsorption or persistent diarrhoea, or both.78 Bacterial overgrowth has already been observed in adults affected by immunodeficiency and is considered to be a consequence of the abnormal secretory immune system.9
Another aspect of clinical relevance in immunodeficient patients is Ten normal age-matched control children (age range 2-15 years), were also tested for intestinal permeability. Informed parental consent was obtained before testing the children.
BACTERIOLOGICAL STUDIES
Samples of jejunal juice were obtained after overnight fast by aspiration via a peroral sterile radio-opaque tube, which was guided beyond the Treitz flexure under radiological control. The first 5 ml of aspirate were discarded. The samples were cultured in either oxygen free atmosphere for anaerobic bacteria or for aerobic micro-organisms, as previously described in detail. '7 18 In brief, 10% blood agar and MacConkey agar were used for the identification of aerobes, Sabouraud agar was used for yeasts, and Wilkins-Chargrel agar for anaerobes. Samples were also examined by light microscopy for the presence of Giardia lamblia. For ethical reasons, this technique was not performed in normal subjects.
BREATH HYDROGEN CONCENTRATION
The breath hydrogen concentration was measured by a gas chromatograph (HP 5840 Hewlett-Packard Instruments, Avondale, Palo Alto, USA) either 20 minutes after an oral load with a 10% aqueous solution of glucose (2 g/kg body weight) or after overnight fast.'920 All patients received both a fasting and a glucose challenge test. 
Results

CLINICAL FINDINGS
The clinical findings are summarised in Table II . Eleven patients suffered from recurrent diarrhoea or failure to thrive (weight/height below the fifth centile) and five had asthma or eczema.
BACTERIOLOGICAL STUDIES
More than 2 x 105 organisms/ml were isolated in five of the 12 patients (41%) who underwent culture of jejunal fluid (five patients refused the study). They consisted of Gram positive oraltype bacteria. Streptococci and Staphylococci clearly predominated. This would be expected in bacterial overgrowth not caused by intestinal obstruction, in which enteric coliform bacteria are predominant. All the three immunodeficiency syndromes were represented in the group of positive patients -one had a selective T cell defect, one had hypogammaglobulinaemia, and the remaining three patients had IgA deficiency. No sample was positive for anaerobes or Giardia lamblia.
BREATH HYDROGEN CONCENTRATION
The breath hydrogen concentration after fasting or glucose load, or both, was higher in the five patients with bacterial overgrowth than in the remaining seven patients with negative jejunal fluid culture: mean (SD) values were 10-82 (7-01) ppm 3-92 (5 70) ppm, respectively (0 l>p>005). Taking a breath hydrogen concentration of 10 ppm as a cut offpoint, four ofthe five patients with bacterial overgrowth had a value higher than this. In contrast, only one of the patients without bacterial overgrowth showed a higher concentration than 10 ppm (p<005). Two of the patients with bacterial overgrowth and a high breath hydrogen concentration showed an increase in fasting breath hydrogen only whereas the remaining three showed an increase in both fasting and post glucose load values. The five hour urinary excretion of lactulose and L-rhamnose in 10 age-matched control subjects, expressed as mean (SD) values of oral dose percentages, were 0-25 (0 05)% and 8-2 (1-7)%, respectively. Lactulose excretion (Fig 1) in patients was 0 58 (0 46)% (patients v controls: p<0-01). In the patient group the L-rhamnose excretion (Fig 1) was lower than in controls (mean (SD) 3-92 (3 45)%, p<0001). Lactulose/ L-rhamnose excretion ratios (Fig 2) in patients and controls were 0-216 (0d160) and 0-029 (0 002) respectively (p<0001). Lactulose/ L-rhamnose excretion ratios were not significantly different in the three subgroups of patients.
CORRELATION BETWEEN CLINICAL, BACTERIOLOGICAL, AND GUT PERMEABILITY FINDINGS
All patients with gastrointestinal or atopic symptoms showed abnormal intestinal permeability. All 12 patients who were also tested for bacterial overgrowth were symptomatic. 14 There is not a conclusive explanation for the pathogenesis of this mucosal damage. The presence of both bacterial overgrowth and abnormal intestinal permeability in 41% of the patients may, however, suggest a causal relation between the two.
Two main considerations arise from our data: firstly, the intestinal microenvironment is under the control of either the secretory IgA mediated system or the other immunological systems involving non-IgA antibodies and T lymphocytes that play an important role in maintaining the homeostasis of the internal environment. This role probably influences the intestinal microflora directly and the exclusion of dietary antigenic constituents indirectly.
Looked at in another way, the integrity of the gastrointestinal mucosa is necessary to avoid a further deterioration of the immune system due to malnutrition.
Our data may have some implications for treatment. Bacterial overgrowth should be sus-pected in all patients with immunodeficiencies, and treatment started early since increased viable counts of oral-type bacteria in the jejunum may have a possible role in recurrent diarrhoea. As for the increased gut permeability, controlled trials should be undertaken to prove the efficacy of elemental diets in the supportive treatment of severe illness to prevent the penetration of whole foreign antigens into the blood.
In conclusion, the aim of the present study is to stress the importance of the gastrointestinal aspects in the general management of immunodeficient patients and to contribute to knowledge of the pathogenesis of some complications of immunodeficiency disorders.
